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(57) Abstract 

An apparatus (10) and method for facilitating the respiration of a patient are disdosed which are particularly usd'ul in 
treating mixed and obstructive sleep apnea and certain cardiovascular conditions, among others, by increasing nasal air pressure 
delivered to the patient's respiratory passages just prior to inhalation and by subsequently decreasing the pressure to each exhala- 
tion effort. The preferred apparatus (10) includes a patient-coupled gas delivery device (14) for pressurizing the patient's nasal 
passages at a controllable pressure, and a controller (20) coupled with the delivery device (14) having a pressure transducer (700) 
for monitoring the nasal pressure and a microcontroller (802) for selectively controlling the nasal pressure. In operation, the con- 
troller (20) determines a point in the patient breathing cyde just prior to inhalation and initiates an increase in nasal pressure at 
that point in order to stimulate normal inhalation, and subsequently lowers the nasal pressure to ease exhalation efforts. 
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INSPIRATORY AIRWAY PRESSURE SYSTEM 
This application is a continuatioa-in-part of Serial No. 07/354,143, filed May 
19, 1989, 

Backffound of the Invention 

L Field of the Invention 

The present invention relates to an apparatus and method for facilitating the 
respiration of a patient and is particularly useful in treating disturbed breathing, 
snoring, mixed obstructive sleep apnea, and certain cardiovascular sleep conditions. 
More particularly, the present invration is concerned with an apparatus and method 
for imposing a positive pressure on the patient's airways just prior to the onset of 
inhalation in order to Induce and/or permit inhalation, and tor subsequently reducing 
the pressure on the airways to ease exhalation effort Another aspect of the invention 
is concerned with monitoring sounds associated with patient's respiration and control- 
ling the gas pressure delivered to the patient's respiratoiy passages in accordance with 
the sounds. 

15 2. Description of the Prior Art 

Obstructive sleep apnea is a sleep disorder characterized by relaxation of the 
airway including the genioglossus throat muscle t&sue during sleep. When this occurs, 
the relaxed musde can partially or completely blodc the patienfs airway, a condition 
more preval^t in overweight patirats. Partial blockage can result in snoring. 

2 0 Complete blockage can result in sleep apnea. 

When complete blockage occurs, the patient's inhalation efforts do not result 
in the intake of air and the patient becomes oqrgen dq>rived. In reaction, the patient 
begins to awaken. Upon reaching a nearly awakened state, the genioglossus muscle 
resumes normal tension whidi clears the airway and allows inhalation to occur. The 
patient then falls bade to a deeper sleep whereupon the genipglossus muscle again 
relaxes and the apneic cycle repeats. 

Central apnea is when no inspiratory effort occurs or ts delayed. Central 
apnea may be combined with obstructive apnea, known as mixed apnea. Other 
breathing irregularities such as Cheynes Stodces breathing may have apneic intervals 
when intake airflow ceases. 

In some patients, sleep apnea evrats can occur dozens of times during the 
course of a sleep session. In consequence, the patient never achieves a folly relaxed, 
deep sleqi session because of the r^titive arousal to a nearly awakened state. The 

3 g patient is also deprived of REM (rapid eye movement) sleep. People afflicted with 

sleep apnea are continual^ tired even after an apparently normal night's sleep. 
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^ In order to treat obstructive sleep apnea, the so-called continuous positive 

airway pressure (CPAP) system has been devised in whidi a prescribed level of 
positive airway pressure is continuously imposed on the patient's airways. The 
presrace of such positive pressure on the airw^ provides a pressure splint to ofSet 

5 the negative inspiratory pressure to maintain tissue position tension and th^eby 

maintain an open patient airway. The positive airwsQr connection with a patient is 
typical^ adiieved by wsqt of a nasal pillow sudi as that disclosed in U.S. Patent No. 
4,782,832 hereby incorporated bj refer^ce in i)*ich the nasal pillow seals with the 
patient's nares and imposes the positive airway pressure on the nasal passages. 

1 0 The CPAP system meets with objections from patients, however, because the 

patient must exhale against the positive pressure. This increases the work to exhale. 
Some patients have difficulty getting used to this and as a result, may discontinue the 
therapy. Drying of the nose and airway due to continuous circulation of room air is 
also a complaint Also, exhaled carbon dioidde tends to remain in some nasal masks 

15 

with CPAP th^py. 

In prescribing ca*AP therapy, it is usualfy necessary for a pati^t to spend one 
or two nights in a sle^ treatm^t laboratory where it is first determined whether the 
patient has a respiratory disorder such as sleep apnea. If so, the patient is then fitted 
with a CPAP device whacupon the required gas pressure is determined for providing 
the necessary air splint to maintain airway patency. 

The required pressure for maintaining patency is usually higher when the 
patient is sleeping on his or her back than when sleeping in a side rest position. The 
higher pressure is usually presoibed in order to ensure sufficient pressure in all sleep- 
25 ing positions. The higher pressure is not needed, however, in all circumstances. For 

example, before the pati^t has fadlen asleep and in the eariy stages of sleq>, the 
higher pressures are not needed. Additionally, the higlm pressures are often not 
needed during deep sleep iHiten the patient is in the side rest position. Furthermore, a 
^ven patient may only be subject to sleep apnea under certain conditions such as 
30 wfaenthepatientisextremelytiredor under the influence of alcohol or sleep- 
inducing drugs- As a result, the patient is subjected to the discomfort of the high 
prescription pressures even when not needed. 
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Summafv of the Invention 

The inspiratoiy aiiway piessuxe system of the present invention solves the 
prior art probl^ns as outlined above. More particularly, the preferred system hereof 
Initiates inspiratoiy nasal air pressure just prior to inhalation in order to provide a 
pressure splint to ofiE^t negative inspiratoiy pressure and retain the normal position 
of the genioglossus muscle thereto ensuring an open patient airway, and subsequently 
reduces the pressure for ease of exiiatadon. Airflow during this exhalation is primarify 
the patient's ediaient with desirable humidity. 

The preferred apparatus is adapted for connection with a patient-coupled gas 
deliveiy device for pressurizing at least a portion of a patient's respiratoiy passages, 
such as the nasal passages, with a breathable gas, preferabfy ambient air which may be 
supplemented with osygen, at a controllable gas pressure. The apparatus indudes 
means for determining a point in the patient's breathing cycle before the onset of an 
inhalation phase and subsequent to a prior inhalation phase, and further includes gas 
control means for initiating, at the determined point in the breathing cycle, an 
increase in the gas pressure toward a selected, and preferably prescribed, high pressure 
level. The gas control means further controls the gas pressure at the higher level 
during at least a portion of the inhalation phase and subsequently lowers the gas pres- 
sure in order to present a lower pressure level during at least a portion of the 
subsequent exhalation phase. 

In preferred forms, the apparatus tracks the patient's breathing cycle, thereby 
determines the end of the eadialation phase of the breathing cyde, and initiates the 
pressure increase at that point in the breathing lyde. Alternatively, the apparatus 
determines an intoval time as the point in the breathing cyde for increasing the 
inspiratoiy pressure as a function of previous breath rates and inhalation and exhala- 
tion intervals. 

Tbe apparatus desirabfy indudes a controllable, variable speed blower for 
supplying ambient air above atmospheric pressure, a nasal pillow for coupling with the 
patient's nares, a conduit intercoupling the blower and nasal pillow, and a controlla- 
ble, variably positionable vent valve coupled with the conduit for venting air there- 
from. The prefmed apparatus also includes a controller operably coupled with the 
blower and with the vent valve, and a pressure transducer for sensing the patient's 
nasal air pressure. 
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1 Ift opeiation, the controller maintains a set point pressure by varying the 

position of the vent valve to vent greater or lesser amounts of air from the conduit in 
correspondence with patient odialation and inhalation. The controller farther tracks 
the position of the vent valve and therein tracks the patienf s breathing cyde. That is 

5 to say, as the patient inhales during the inhalation cycle, the vent valve must dose 

paniaUy to maintain the pressure of the amMent air as the patient inhales, in this 
wsgr, the movement of the valve corresponds to the inhalation of the patient Simi- 
larly; during eachalation at a pref^red lower pressure set pohit, the vent valve must 
vent greater amounts of ambient air from the conduit which tracks the patienfs 

10 exhalation phase. Bysuch tracking, even at differmt set point pressures, the system 
hereof is able to increase the set point pressure predictably prior to the onset of 
inhalation, and to subsequently decrease the pressure during the next exhalation 
phase. 

In another aspect of the invention, sounds and pressure variations assodated 

15 

with a patient's respiratory passages are monitored and the set point pressure of the 
g^s delivered to the pati^fs airwsqfs Is varied m accordance with the monitored 
sounds. Thsaspectof the invCTtion takes advantage of the &ct that snoring sounds 
typicallyprecedetheonset of obstructive sle^ apnea. That is to say, sleep apnea and 
snoring sounds can be oonsid^ed varying degrees of the same phenom^on in which 
the upper aiiws^ musdes may progressive relax resulting in vibration of the partially 
relaxed air passage, and then may progress to obstruction of the air passage when the 
upper airway muscles relax completely. By monitoring airway sounds, and in particu- 
lar snoring sounds, the applied pressure can be raised before an apneic event occurs 
2 5 and thereby prevent the occurrence. 

Other preferred aspects of the inspiratory airway pressure system hmof are 
explained forther hereinbelow. 

30 
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J Brief Description of the Drawing Figures 

Figure 1 is a plan view of the head of a sleeping patient shown wearing the 
preferred patient^oupling head gear for use with the present invention; 

Fig. 2 is a side elevational view of the patient's head and head gear of Fig* 1 
5 shown coupled with the preferred housing cabinet of the dual conduit embodiment of 

the present invention; 

Fig. 3 is a schematic representation of the single^xsnduit embodiment of the 
present invention; 

Fig. 4 is a schematic representation of the dual-conduit embodiment of Fig. 2; 
10 pig^ 5 is an elevational view of the preferred vent valve element in position 

over the vent ends of the dual^sonduit embodiment of Hg. 4; 

Fig. 6 presents graphical illustrations of a typical breathing c^e induding an 
inhalation phase and an esdialation phase, of the nasal air pressure imposed on the 
patient's airway during the breathing q^de, and of the vent valve steps required to 
maintain the set point pressures; 

Fig. 7 is an electrical schematic illustration of the microcontroller and 
associated compona[its of the present invention; 

Fig. 8 is an electrical schematic of the blower motor control; 
2 Q Fig, 9 is an electrical schematic of the stepper motor control for the vent 

valve; 

Fig. 10 is a schematic illustration of a pressure transducer circuit; 
Fig. 11 is a compute program flowchart illustrating the START-UP portion 
of the main routine; 

25 Fig. 12 is a computer program flowchart of the MAIN LOOP portion of the 

main routine; 

Fig. 13 is a oonq>uter program flowchart of the VALVE STEP subroutine; 
Fig. 14 is a computer program flowchan of the ADC interrupt; 
Hg. 15 is a compute program flowdiart of the CHECK BLOWER SPEED 
30 subroutine; 

Fig. 16 is an electrical block diagram illustrating the spectral sound analysis 
circuit; and 

Fig. 17 is a computer program flowdian of the SOUND ANALYSIS subrou- 
tine. 

35 
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1^ Detailed E)escription of the Preferred Embodiments 

With reference to the drawing figures. Fig. 3 schematicalty illustxates the 
single conduit embodiment of the preferred inspiratory airway pressure apparatus 10 
which broadty indudes an elongated, fleadble, hose or conduit 12, nasal pillow 14 con- 
5 nec^ to one end of oondnit 12, vent valve assembty 16 positioned adjacent the 

opposed, opai, vent end of conduit 12, blows- unit 18 flnidicalfy coupled with conduit 
12 betweoi pfflow 14 and vent valve assembly 16, and controller 20 which is adapted 
for pneumatic connection with nasal pillow 14 and eiectrteal connection with vent 
valve assCTibl^ 16 and blower unit 18. 
10 In the preferred embodiment, vent vahre assembly 16, blower unit 18, and 

controller 20 are housed within cabinet 22 such as that illustrated in Fig, 2 in connec- 
tion with the dual-conduit embodiment. In this regard, conduit 12 presents an interior 
portion which is housed within cabinet 22 and exterior portion 26 "wbkk extends ficom 
the cabuftet to nasal pillow 14. Gandoit 12 additional^ presents coupling end 28 
coupled to nasal pOlow 14, inlet end 30 coupled wfth blower unit 18 for receiving a 
supply of breathable gas, prefieiabfy ambi^t air tiierefrom, and vent end 32 positioned 
adjacent vent valve assmbfy 16. 

I^sal pillow 14 is the prefmed padent-coupling device and is further 
illustrated in U.S. Patent No. 4,782,832 which is hereby incorporated by reference. 
Head gear 34 holds nasal pillow 14 on the head of patient 36 in order to fluidically 
couple with the respiratory passages of patient 36, and pr^erab^ with the patient's 
nares. Nasal pillow 14 is configured to present pressure sensor fitting 38 wfaidi is 
coupled with conUoUer 20 by pneumadc Une 40 whidi is pref^ly routed within 

2 5 conduit 12 so that line 40 is conveni^tljr out of the way and less likely to be pindied 

or restricted by the patient during use of apparatus 10. Nasal pillow 14 also includes 
vent port 42 defined therethrough whidi continuous!/ vents a small amount of 
pressure fiom nasal pillow 14 in order to prevent molstnre buildup and subsequent 
Gondoisationthada Port 42 also prevents build up of eadialedg^ses including 

3 0 carbon dioxide. 

Vent valve assembly 16 includes stepper motor 44 and valve element 46 
connected to the output shaft thereof. Valve element 46 is preferably construaed of a 
flat plate configured to present two, opposed, arcuate, cam-like edges 48a,b as il- 
lustrated in Fig. 5. Elemrat 46 is positioned adjacent vent end 32 of conduit 12 so 
^ ^ that as stepper motor 44 rotates valve dement 46 in a dodswise direction as viewed in 
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I Fig. 5, edge 48a propessiveiy ooveis and theieby restricts vent end 32. Conveisety, as 

motor 44 rotates element 46 in a oounterdodcwise direction, edge 48a progressively 
exposes an inoreasing area of vent end 32 to vent additional^ gas th^efront 

Fig. 4 illustrates the dual-conduit second embodiment of preferred apparatus 
5 10. This embodiment is similar to that of Fig. 3 and corresponding components are 

numbered the same. Second embodiment 50 additionally includes exhaust hose 52 
presenting connection end 54 fluidically coupled to conduit exterior portion 26 at 
junction 56, and presents exhaust end 58 positioned adjacent valve element 46 in the 
same opening/dosing relatianstiip with arcuate edge 48b as vent ml 32 presents to 
1 0 arcuate edge 48a. With this configuration, conduit 12 additionally presents inhalation 

hose 60 between juncture 56 and blower unit 18. In the dual hose model, nasal pillow 
14 does not indude vent hole 42, and the tube between ends 54 and 28 indude divide 
61 to separate it into two separate passages. Second embodiment 50 may also indude 
inhalation check valve 62 disposed within inhalation hose 60 adjacent juncture 56. and 
edialation check valve 64 disposed within exhaust hose 52 also adjacent juncture 56. 
Inhalation check valve 62 prevents passage of patirat exhalation therethrougli toward 
vent end 32 and thereby requires that the patient's exhalation exit the system through 
exhaust end 58. Pneumatic lines 66 and 68 respectively couple controller 20 with 
inhalation hose 60 and exhaust hose 52. 

By way of overview, controller 20 controls apparatus 10 in order to mcrease 
the gas pressure presented to the patient at a time in the patient's breathing cycle just 
prior to inhalation, and to subsequ^tly lower the pressure for ease of exhalation. 
The upper graph of Fig. 6 illustrates a typical breath cyde air flow. During inhalation, 
25 the flow rate of gas to the patient gradually increases to a maximum and then decreas- 

es. At the end of inhalation, the patient ^icall r eaqierienoes a slight pause before 
exhalation begins. During exhalation, the exhaled gas flow from the patient gradually 
increases to a maximum and then decreases again. A post-exhalation pause, typicaJly 
somewhat longer than the post-inhalation pause, follows exhalation. After the post- 
3 0 exhalation pause, the patient again then begins inhalation. 

The middle graph of Fig. 6 illustrates the nasal airway pressure presented to 
patient 36 during operation of apparatus 10. With patients subject to sleep apnea, it 
is desirable to increase nasal airway pressure just prior to inhalation to splint aiiway 
pressure in order to position genioglossus tissue and thereby maintain the aiiw^ 
open. Accordingly, this middle graph illustrates an increase in the nasal aiiway 
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pressme just prior to inbalatioii to a selected presoiption pressure level suffideat to 
push surrounding tissue aside and open this airway. After completion of inhalation, 
the set point pressure presented to the nasal airw^ is reduced so that edialation 
occurs against a low or even zero pressure levdrdatbe to ambient Attheendof 
eadialation, the nasal airway pressure is again mcreased prior to the next inhalation 



To accomplish these pressure variationSt blower unit 18, in one embodiment 
of the invention, produces a generally omstant volume per unit time of breathable gas 
whidL is selectively v^ted through v^ end 32. The v^ted gas volume is controlled 
1^ by vent vafve assembly 16. 

The bottom graph of Fig. 6 graphically depicts the various positions of valve 
element 46 in relation to vent end 32 in order to adiieve the desired nasal airway 
pressure profile illustrated in the middle graph. For example, during the post-exhala- 
tion pause, controUa 20 activates stepper motor 44 to rotate valve element 46 in a 
dockwise direction (as viewed in Kg. 5) hi order to inoease the nasal airway pressure 
to the desired set point as sensed by conttoUer 20 by way of pneumatic line 40. VOien 
the patient begins to inhale, gas output &om blower unit 18 is inhsded by the patient 
In order to mabitain the set point pressure, the controller thai rotates valve el^ent 
46 in stepwise fishion further in the dockwise direction to reduce the amount of gas 
bdng vented. As inhalation passes its peak flow rate, controller 20 begins to reverse 
the position of valve element 46 to vent additional gas for maintaining the set point 
pressure. 

At the end of inhalation, a Vomex pressure set point is desired and controUer 
25 20 continues, in stepwise fiaishion, to rotate valve elonent 46 in the count^dodcwise 

direction to vent additional amounts of gas for achieving a new lower set pohtt 
pressure. 

Attheoidof the post4nhalation pause, the patient begins to eadiale. In 
order to maintain desired lower set point pressure, die additionally exhausted gas ficom 
30 Oie patient must be vented through vent end 32. Accordingly, controller 20 causes 

valve element 46 to further rotate in a dockwise direction to open vent end 32 even 
further. As the exhalation flow rate decreases, controller 20 rotates valve element 46 
in a dockwise direction to decrease venting in order to maintain the lower set point 
pressure. At the end of exhalation, controUer 20 then causes valve elemrat 46 to 
rotate further in the clockwise direction to inwease the pressure to the higher 



pressure set poiiit This induces tension in the genioglossus muscle to open the airway 
in preparation for the next inhalation phase. 

Inspection of the upper and lower graphs reveals a similarity in the profile of 
the curves. That is to say, controller 20 is able to trade a patients breathing cycle by 
tracking the stepped positions of valve element 46 required to maintain the set point 
pressures. In this way, controller 20 is able to determine the end of respective inhala- 
tion/exhalation phases and to predict exhalation and inhalation interval times. 

Turning now to controller 20, it provides electrical outputs to control the 
speed of blower unit 18 and the position of stepper motor 44. Controller 20 receives 
electrical feedback from blower unit 18 indicative of the speed thereof and a pneu- 
matic input by way of pneumatic line 40 to indicate the pressure at nasal pillow 14 
and thereby in the pati^t's nasal airway passages. 

Controller 20 includes pressure transducer drcuit 700 (Fig. 7) for providing an 
electrical input indicative of the pressure at nasal pillow 14 to microcontroller drcuit 
800 (Fig. 8) which in turn provides outputs to blower motor circuit 900 (Hg. 9) and 
stepper motor circuit 1000 (Rg. 10). Additionally, controller 20 includes a conven- 
tional 120 v.ac to +5 v.d.c., +12 v.d.c., and +24 v.d.c. power supply (not shown) 
suitable for digital and analog, solid state integrated drcuit components. 

Pressure transducer drcuit 700 illustrated in Fig. 7 is ^ical of the pressure 
transducer circuit for both the single and dual conduit embodiments of the present 
invention. That is to say, the single conduit embodiment of Fig. 3 uses only one 
pressure transduce whereas the embodim^t sdiematically illustrated in Fig. 4 uses 
two pressure transducers both using a drcuit as illustrated in Fig. 7. 

The preferred pressure transducer indudes SENSYM type SXOIDN having a 
zero-to 70-caL wat^ operational range. The preferred transducer includes four strain 
gages arranged in a conventional Wheatstone bridge 701 having strain gages XI, X2, 
X3, and X4 presenting a nominal 4650 ohms eadt Bridge 701 presents exdtatfon 
terminal 702 connected to +12 v^.c and an opposed exdtation tmninal 704 connect- 
ed to ground as shown. Bridge 701 produces outputs at terminals 706 and 708. Zero 
adjustment potentiometer 710 interconnects terminals 704 and 706. 

The output from terminal 708 is connected to the positive input terminal of 
operational amplifier 712 (one-half of Type LT1014). The output of operational 
amplifier 712 provides feedback to the negative input terminal thereof; and, by way of 



wo 90/14121 



PCT/US90/02800 



15 



10 

^ resistor Rl (IK oluns) supplies the positive input tenninal of amplifi^ 714. The 

output is also connected to ground by my of rector R2 (750K ohms). 

- Strain pge bridge output tenninal 706 is connected to the positive ii^ut 

termuial of opetalional saapme^ 716 (the other half of unit LT1014). The output 
5 from amplifier 716 provides feedback to the negative input tenninal thereof and is 

connected by ^ of resistor R3 (IK ohms) to the native u^ut tenninal of amplifier 

714. 

The output &om amplifier 714 provides feedback to the negative input 
terminal thereof by toj of resistor R4 (750K ohms). The output from amplifier 714 is 
^ 0 also connected by way of resistor R5 (X ohms) to output tenninal 718 which, by way 

of the drcuitiy just described, provides output between 0 and +5 v.dx. correspondhig 
to a pressure of 0 to 25 cm. water. 

A similar output is provided at a corresponding terminal 720 if a second 
pressure transducer K used. Li the dual-^nduit embodunent, two transduce provide 
additional pressure information whidi allows more precise trackmg of inhalation and 
exhalation gas flows of the patient* and ther^ more precise breath (^tle traddng. 

Fig. 8 is an electrical sdiematic diagram of microcontrolto drcuit 800 which 
indudes microcontroller 802 (Intel Typ& 8097BH), programmable array logic (PAL) 
(Type PC16L8), erasable, programmable, read-only-memoiy (EPROM) (Typo 27256), 
address latch 808 (Type 74HC373), random access memory (RAM) (Type 6264P), 
inpnt/output serial data interfece (RS232 T^pe MAX232), prescription (RX) switch 
array 814, and input data latdi 816. 

Microcontroller 802 receives power (Voc) at 4*5 v.d.c. at termhials VCX; 
25 VPD,BW,KDY, VPP, and VREF as shown. Chound is connected to tmninals NMI, 

VSS, EA, and ANGND. Qystal 802 is coupled between terminals XTALl and 
XTAL2 as shown and to vMdi respective grounded capadtors CI and C2 (33 pF 
each) are respectively coupled for timing signals at 12 MHZ. 

KficroconttoUer 802 recdves a reset signal at t^minal RESET from reset sub- 
3 0 drcuit 820. On power up, power is supplied through resistor R5 (lOOK ohms) to 

grounded capadtor C3 (22 uF) and to the input temunals of SCHMTIT trigger 
NAND gate 822. Initially, the resultant input voltage to NAND 822 is low, and its 
output is logic high. This logic high output is supplied to output terminal 824 which 
provides a reset signal to blower motor drciut 900 as discussed further heieinbdow. 
The inidally logic high output 6om NAND 822 is inverted by inv^tor 826 to provide 
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1 a logic low signal to microcontroller terminal RESET wiiich holds microoontroUer 802 
in reset until the charge on capacitor C3 builds to the trigger level of NAND 822. 
This provides time for the system to initialize and for transients to be suppressed. As 
the charge on passer C3 increases to the trigg^ level, the reset signal is removed from 

5 output terminal S24 and miaocontroUer 802. The output from invertor 826 is also 

connected to one side of pull-up resistor R6 (lOK ohms) the other side of which is 
connected to Vcc 

Reset circuit 820 also Includes a normally open, reset switch 828 coupled 
across capacitor C3 which allows manual reset Diode Dl is coupled access resistor 
RS to provide a discharge path for CS in the event of power o£ 

Microcontroller 802 also receives a pressure transducer Input at terminal 
ACHO and also at ACHl if a second transducer is used as in the dual-conduit 
embodiment To provide transient suppression, and to smooth the analog voltage 
from pressure transducer circuit 700, one side of capadtor C4 (.005 nF) is coimected 
to terminal 718 along with the anode of diode D2 and the cathode of diode Dl. The 
other side of capacitor C4 and the anode of diode D3 are connected to ground as 
shown and the cathode of diode D2 is connected to a sapfly voltage Vca An 
identical drcait is provided for teiminal 720 usmg diodes D4, D5 and capacitor C5. 
2Q Microcontroller 802 includes internal analog-to-digital converters (ADC) which 

receive the respective analog inputs at terminals ACHO and ACHl and convert these 
to digital form for internal use in microcontroller 802. 

Microcontroller 802 also receives an input at terminal HS1.0 which is a pulse 
signal from blower motor circuit 900 representative of the speed of blower unit 18, 

2 5 discussed further herelnbelow. 

Microcontroller 802 also uses a common address/data bus 830 which intercon- 
nects microcontroller 802 for data and address information flow with PAL 804, 
EPROM 806, address latch 808, RAM 810, and data latch 816 at the terminals as 
shown in Fig. 8. Fig. 8 also illustrates the other conventional interconnections 

3 0 between these components as shown. 

Microcontroller 802 provides a serial data output from terminal TXD to 
terminal 11 of interface 812 and receives data from terminal 12 thereof at 
miaocontroUer terminal RXD. Interface terminals 14 and 13 receive RS232 data in 
and out whidi enable remote reading and control of microcontroller 802 and thereby 
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1^ apparatus 10. This feature is particularly useful in a sleep laboratory, for example, for 

adjusting the prescription pressures in order to achieve the optimal therapy. 

Switch array 814 indudes eight, selectable switdies for providing input data 
representative of the desired prescription set point pressures for inhalation and 
5 ffThaiatinn- In particular, the top four svfdtches are nsed to set the pres(^tion inhala- 

tion pressure and the bottom four switdies for prescription eadialation pressure. With 
four swiudies for eadi set point, sixteen possible setting are available ranging between 
3 and 16 cm water for inhalation, and 0 and 14 cm wat^ for eidialatiorL Data latdi 
816 is coupled with switdi array 814 as shown and latches the prescription data upon 
^ 0 receipt of the latch signal from terminal 12 of PAL 804. The presaiptfon data is 

transmitted over bus 830. 

Microcontroller 802 also provides two additional outputs. The first of these is 
data to stepper motor circuit 1000 by way of sa-line output bus 832 from 
miaoGontroUer tmninals PL0-L5 to output terminal 834. The second additional 
output is a pu^width modulated signal (PWNQ to blowar motor drcuit 900 by way 
of line 834 and output terminal 83d 

F^. 9 is an dectrical schematic diagram repesenting blower motor circuit 900 
whidi receives the pulse width modulated signal at terminal 836 ficom microcontroller 
802, and also recdves an inverted reset signal at terminal 824 from reset drcoit 820. 
Blower motor circuit 900 also provides a pulse output signal at terminal 902 repress- 
tative of the speed of blower motor 904 to microcontroller 802. 

The reset signal received at terminal 824 is coimected to terminal 10 of motor 
driver 906 (Type UC3S24A). The pulse width modulated signal from conUoUer 802 at 
25 terminal 836 is provided to termmal 2 of driver 906 by way of low pass Glter C6 (LO 

uF) and resister R7 (24.9K ohms). 

Driver tmninal 7 is connected to ground by way of capacitor C7 (SKB uF), 
andteiminal6isooimeaed to gxnmd by way of resistor R8(49.9K ohms). Tfflninal 
8 is connected to gtound and terminal IS receives power supply at +12 v.d.CL Driver 
3 0 tmninal 12, 13, and 16 are connected to Voc at +5 v«d.& 

Motor driver 906 converts the input pulse-width modulated signal at 0-5 vjd.c. 
to a corresponding output at 0 to +12 v.d.c at terminals 11 and 14 thereof to 
programmable array logic (PAL) (Tyfc 16L8) terminal 1. These terminals are also 
connected to ground by way of resistor R9 (0.5 ohms). PAL 908 produces respective 
outputs at terminals 19 and 18 as two phases for the stator and rotor of brushless D.C 
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blower motor 904 (Fasoo Corp. T^pe 70000-SS17). The PAL 908 outputs are respec- 
tive inputs to level convoten 910 and 912 (MC14504) which shift the voltage level 
from +S to +12 v.d.c The +12 vjLa outputs from level converters 910 and 912 are 
in turn transmitted to the respective gates of field effect transistors (SENSFET) 
(Motorola SENSFET T^pe MTP40N06M) 914 and 916. The respective drain termi- 
nals of SBNSFETS 914 and 916 are respectively connected to terminals OA and OB of 
blower motor 904 and provide the respective phase inputs to the stator and rotor 
thereoL 

Power at +12 v.d.c is additionally provided to level converters 910 and 912 
and to common power terminal CP of blower motor 904* 

The source terminal of each SENSFET 914, 916 is connected to ground as 

shown. 

SBNSFETS 914,916 eacA include an additional pair of outputs on lines 918 
and 920 which provide a sampling of the current flow thnnigh the respective 
SBNSFETS. These ouq>uts are coupled across resistor RIO (100 ohms) to provide a 
current path for the current sample, and thereby a voltage representative thereof to 
terminals 3 and 4 of motor driver 906. Driver 906 is responsive to this input voltage 
representative of the current flow through blower motor 904 to reduce the duty cycle 
of the output at terminals 11 and 14 in the event of motor overcurrent 

Blower motor 904 is additionally equipped with Hall effect transducer which is 
operable to provide a voltage pulse each time a magnetic pole of the motor stator 
passes thereby. These output pulses represoit the speed of motor 904 and are 
provided at motor terminal HALL by way of line 922 to output terminal 902^ and as 
feedbadc to motor driver 906. The output pulses rq>resentative of motor blower 
speed at terminal 902 are provided to microcontroller 802 at terminal HSLO thcrcot 

The pulses represratattve of motor blower speed are converted to a represen- 
tative voltage before input to motor driver terminals 1 and 9. As shown in Fig. 9, line 
922 is connected to one side of capacitor C8 (0.01 uF) the other side of which is 
conneaed to one side of resistor Rll (lOK ohms), and to the anode of diode D6. 
The other side of resistor Rll is connected to ground. 

The cathode of diode D6 is connected to one side of grounded capacitor C9 
(0.1 uF), to grounded resistor R12 (IM ohms) and to one side of resistor R13 (lOOK 
ohms). The other side of resistor R13 is connected to one side of capacitor CIO (o.22 
uF), to one side of resistor R14 (lOM ohms), and to motor driver terminal 1 as input 
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1^ thereto. The other side of capadtor CIO and resistor R14 are coimeaed to driver 

tenniiialP. 

This network of components C8-C10, Rll-R14» and diode D6 convert the 
frequency pulses on line 922 to a voltage representative thereot That is to say, this 
5 n^work acts as a frequency-to-voltage converter owing to the large capadtance of 

capacitor C9 (0.1 uF) viiich provides a long time constant The voltage value 
provided at motor driver teiminak 1 and 9 provides feedback to an internal 
oon^arator whidi compares the volta^ to a set point derived from the pulse widdi 
modulated s^al recced at terminal 2. 
^ 0 Fig» 10 illustrates stepper motor circuit 1000 which activates stepper motor 44 

to position valve element 46 in accordance with data received from microcontroller 
802 at terminal 834 therefrom. Stepper motor 44 is preferably a VEXTA model avail- 
able from Oriental Motor Con^any and is capable of providing one revolution in 400 
"steps" and is also capable of half-stepping if needed. As those skilled in the art will 
appreciate, motor 44 is op^able to shift one step upon the imposition of the next 
sequential voltage step pattmi provided as input at terminal 834 over ou^ut bus 832. 
In particular, bus 832 includes six lines^ whixA are patton data for the drivor diip. 

The step pattern data is provided to step motor diiv^ chip 1002 (Type S'OS" 
2 Q L298N) at terminals A, B, and D respective from terminals PL0-t3 of 

mioocontroller 802. Driver 1002 shifts the mput data voltage from +5 v.d.& to +12 
v.d.c for corresponding output at terminals 2, 3, 13, and 14 whidi are oonneaed to 
stepper motor 44 to impose the step pattern thereon at +12 vuLc Hie anodes of 
diodes D7» 8, 9, and 10 are connected to the respective four output lines of driver 
2 5 1002, and the cathodes thereof are connected to +12 v.d.& for wltage pull-up. 

Correspondingly, the cathodes of diodes Dll, 12, 13, and 14 are connected respectively 
to the ou^ut lines, and the respective diode cathodes connected to pound as shown 
for voltage puU-down. 

As stown m Fig. 10, +5 v.d.& is provided at driver terminal 9, +12 v.d.c. at 
30 driver tmunal 4, and terminals 1, 8, and 15 are all connected to ground. 

Figs. 11-14 are computer progiam flowdiarts illustrating the operative 
program for microconttoller 802. 

Fig. 11 illustrates the START-UP portion of the main loutme of the comput- 
er program for operating microcontroUer 802. After the logic low reset signal goes 
logic high, the program enters at step 1102 which prompts controller 20 to shift vent 
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valve assembly 16 to its "home* position, ia particular^ this step prompts 
microcontroller 802 to produce data of sequential pattern outputs by way of line 832 
and terminal 834 to stepper motor control circuit 1000. This shifts stepper motor 44 
to a mid-range position wherdn valve element 46 blocks oondnit ends 32 and 58 about 
half-way as shown in Fig. 5, or conduit end 32 alone in the single conduit embodi- 
ment Step 1102 also initializes the variables^ counters, interrupt routines, and so 
forth in the program. 

The program then moves to step 1104 to read the inhalation and exhalation 
prescription pressure values as set on switch array 814 and read by way of address data 
bus 830. These values are then stored In RAM. Step 1104 also prompts micro- 
controll^ 802 to set the opmting speed of blower motor 904 in accordance with the 
prescription of pressure set on switdi 814. The blower speed should be set at a level 
fast enough to ensure that sufSdent ambi^t air volume is provided to conduit 12 
such that the presoiption pressure level can be attained during maximum inhalatioit 
Blower motor speed data ooaesponding to prescription settings are stored preferably 
in a look-up table. Step 1104 also dears any value stored in the internal buffer at 
microcontroller terminal HS1.0. 

The program then moves to step 1106 which enables the program's timed 
20 interrupts to begin timing. 

In step 1108 the program sets the software flag "phase" equal to inhalation *r 
whidi initializes the program from the inhalation phase of the patient's breathing 
cycle. This step also initializes the blow^ diedc counter at zero. As discussed further 
hereinbelow, the program reads the blower speed afiter 128 passes through the main 
25 loop- 

The program then moves to step 1110 which starts the internal analog-to- 
dlgital converter (ADC) connected to ndcrooonlroller input terminals ACHO and 
ACHl. 

Step 1112 sets the pressure set point for the inhalation phase according to the 
3 0 inhalation prescription value set on switch array 814 according to data in a look-up 

table. This step also defines the start-up mode of the apparatus as continuous positive 
airway pressure (CPAP). That is to say, and as e3q)lained further hereinbelow, the 
program operates apparatus 10 in order to present a continuous positive pressure at 
the inhalation set point pressure for the first eight breaths of a patient Step 1112 
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also initializes the breath counter at zero in preparation for oonnting patient breathing 

After completion of step 1112 the program moves to MAIN LOOP 1200 of 
the main routine as illustrated in Fig. 12. Step 1202 is the first step of this routine in 
5 vMsHx the program calculates the avmge pressure as sensed by pressure transducer 

TOlover eig^t ADCccmveisions. That is to say, microoontroll^ S02 includes an 
luteal *rin|f buffer which stores the eigiht most recrat pressure readings received at 
microcontroller tmninal ACIiD (and also ACHl in the two-oonduit embodiment). As 
discussed furth^ hereinbdow, ADC interrupt routine converts the input analog values 
^ ^ to digital form every 22 microseconds and continuous^ stores the most recent digital 

values in the ring bu£E»: St^ 1020 calculates the average value by dividing the 
cumulative buffer value by ei^t Step 1202 also calculates the deviation, that is, 
enor, in the average pressure from the pressure set point 

The i^ogram then moves to step 1204 which asks whether the magnitude of 
the enor calculated in stq> 1202 is greater than allowed mawmum error. This 
provides a so-caUed Mead band" to prevent the system fiom 'hunting'. 

If the answer ia step 1204 is yes, the program moves to step 1206 and 
calculates the number of steps and direction of sapper motcn: 44 required to correct 
2Q the pressure deviation error, Thatis to say, dependmgiqion the volume of air bdng 

produced by the blower, the fluid capacily of the system, and the leakage therefrom, 
the number of required steps can be determined apprcndmatdy by reference to data 
previously stored in a look-up table. 

The program then moves to step 1208 to execute routine "VALVE STEP" 
25 illustrated in Fig. 13 and discussed faHbsi herdnbdow. VALVE STEP routine 1300 

sequentially presets the data patterns required to step the valve for the required 
' number of steps ia the directimd^mnined in step 1206. 

Aftor execution of sub-nratine 1300 or after step 1204, the program returns to 
step 1210. This step stores the number of valve steps and direction actually imple- 
3 0 niented in an internal valve slope buffer whidi continuously stores the previous eight 

movements of stepper motor 44. With this information, the slope of valve movement 
can be calculated by dividing the valve slope buffer sum dght. This represents a 
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2 slope because the ei£^t values are stored at equal tune intervals and thus the buffer 

sum divided 1^ eight represoits the first d^ivative of value movement 

For example and referring to Fig. 6, after the post-eadtalation pause, and after 
achieving the desired set point pressure^ no significant error in pressure versus set 
5 point exists. Thus, no change in the value position is required and so the previous 

eight value steps would equal zero, indicating a slope of zero, which is indicated by the 
flat portion of the valve position curve in Fig. 6. In contrast, when the patient begins 
to inhale, the valve position must initially and quickly shift toward the closed position 
to maintain the pressure in conduit 32. With a number of positive steps executed on 
^ ^ ^tcpp^i' motor 44, the values stored in the slope buffer indicate a high positive slope. 

Convosely, near the end of inhalation, the valve must execute a number of steps in 
the native direction in order to maintain the pressure in conduit 32 indicating a 
large neptive slopa Hiis slope information, as is discussed further hereinbelow, is 
used to determine various points in the breathing cyde of a patient 

The program then moves lo step 1212 whidi aslcs viiieth^ the phase flag is set 
for exhalation. The program was initialized with the phase flag set fbr inhalation, and 
so, during the first few passes through main loop 1200, the answer in 1212 is no and 
the program moves to step 1214 which asks whether the phase flag is set for inhala- 
2Q tion. Because this flag is initialized as inhalation, the answCT in st^ 1214 is yes and 

the program moves to step 121d 

Step 1216 asks whether the variable "timer counter" is greater than the value 
for variable "inhalation end time", and whether the stope as calculated in step 1210 is 
less than or equal to -5. The variable "timer cx>anter' (TMR CNl) is a software 
25 counter wMcfa was initialized at zero and increments eveiy 13 milliseconds. The 

variable "inhalation end time' was initialized at a d^ult value representing inhalation 
time equivalent to a predetermined average value. As decussed further hereinbdow, 
the variable 'inhalation end time" is recalculated for each breath cyde after an initial 
eight passes throu^ main loop 1200. Step 1216 operates U> determine ^liether sufifl- 
30 cient time has passed for normal inhalation to be complete as additionally confirmed 

by the value slope being less than -5 as illustrated by the slope of the value position 
curve at the end of inhalation in Fig. 6. 

During the first few passes through main loop 1200, the answer in step 1216 is 
no and the program moves to step 1218 which asks whether the blower check counter, 
initialized at zero, is equal to 128. Until then^ the answer in step 1218 is no and the 
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1 program moves to step 1220 to incremeiit the blower check counter. The program 

then loops back to step 1202 and repetitive^ executes steps 1202-1220 until the 
asswrn in step 1218 is yes whereupon the program moves to step 1222 to execute the 
sub^utine •CHECK BIX)WER SPEED- 1200 as iflnstratedm Asdiscossed 

5 bother hoieiiibdow, this stqi monitors the blower speed to ensure that it is running 

at the set pc^t speed initial^ set in step 1104 in acooidance with prescription 

settings. The program th^ returns to step 1224 to reset the blower diedc counter at 
zero. 

After suffident time has elapsed to exceed the defoult time set for the 
1 0 inhalation end time, and y/hcn the slope of the valve position curve is equal to or less 

Uian -5 indicating the end of patiCTt inhalation, tiie answer in step 1216 is yes and die 
program moves to step 121S whidi asks whether the mode of operation is set for 
inspiratory nasal air pressure (INAP> This was initialized in Uie CPAP mode in step 
^ ^ UlL During the first eight breatiiing cycle, the answer in step 1226 is no, and tiie 

program moves to step 1228 whidi asks whctiier the breatii counter is less tiian or 
equaltoeight The breath counts was initialized at zero and during the first pass of 
the program Uie answer in step 1220 is yes, and tiie program moves to stqi 1230 to 
increment the breath counter. 

20 The program th«i moves to step 1232 wfaidi sets tiie variable "i^de time' 

equal to tiie current value existing on tiie timer counter. This step is entered at the 
end of eadi inhalation phase and marks tiie end of one breatii cyde and the beginning 
of anotiier. Thus, die time of one breatii cycle, tiiat is, <ycle time, equals tiie time 
value adsting on the timer counter whidi is reset to zero at tiie end of each breatii 

25 qrde, also in step 1232. 

Step 1232 also sets a new inhalation interval time equal to tiie new cycle time 
divided by three. StatisticaUy, inhalation time avm^ about 40% of a typical 
breatiiing qwie. Step 1232, however, sets flic inhalation mtoval equal to 33% of tiie 
most recent qfde time in order to ensure that this vahie docks out in step 1216 early, 
^ 0 that is, before the end of anticqiated actual inhalation time. 

Step 1232 also sets tiie variable Inhalation start time" equal to tiie new cyde 
time divided by two. Witiithebeginningof a cyde marked as tiie end of an inhalation 
phase, tiie next inhalation start time would normally be expected to occur aft^ 60% of 
tiie cycle time has elapsed. Step 1232, however, sets inhalation start time at 50%, tiiat 
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2^ is earlier than the predicted inhalation time in order to ensure an increase in nasal 

pressure before Inhalation muld be expected to begin. 

Afto- main loop 1200 has detected dght breath cycles as indicated on the 
breath counter, the answer in step 1228 is no and the program moves to step 1234 

5 which sets the operating mode as INAP. The eight cycle delay in setting the INAP 

mode ensures reliable data in tracking the breath cycle. 

With the mode now set as INAP, the answer during the next pass at step 1226 
is yes and the program moves to step 1236 to set the pressure set point equal to the 
^aust prescription. That is to say, an inhalation phase has ended as determined in 

^ ^ step 1216, eight breaths have been tracked as determined in step 1228, the mode is set 

as INAP which allows a decrease in pressure during eadialation. With these conditions 
satisfied, the controlled pressure set point is lowered to the prescribed exhaust pre- 
scription set point 

Normally, the esdiaust pressure would be presoibed at zero, that is ambient, 
so that the patient can eadiale nonoalty. In some circumstances, however, the thmpist 
may desire a slight positive pressure during exhalation vMck is set on the lower four 
switches of switch array 814 (Fig. 8). 

Step 1236 also sets the phase flag for esdialation. 
2Q During the next pass through main loop 1200, the answer in step 1212 is now 

yes, that is, the phase is "exhalation*, and the program moves to step 1238 which asks 
whether the current value on the timer counter is greater than or equal to the inha- 
lation start time as previously set in step 1232. In the alternative, step 1238 asks 
whether the valve position slope is greater than seven vMttk indep^dently indicates 
25 the ^d of exhalation. With reference to Fig. 6, at the end of eadialation, the valve 

must step in the positive direction rapidfy in order to restrict vent end 32 for main- 
taining the set point pressure. This rapid change indicates a positive slope greater 
than 7a 

If the answer in step 1238 is no, the program continues to loop through nntH 
30 the answer is yes at which time the program moves to step 1240 to set the phase flag 

for inhalation, to set the pressure set point at the inhalation prescription value, and to 
set the value for the variable "inhalation end time" equal to the currently costing 
timer count plus the inhalation interval time. The existing value of the timer counter 
corresponds to the time elapsed since the beginning of the current breath cycle, which 
marked the end of the previous inhalation phase. The inhalation phase about to 
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2 b^in should end on or after the corrent timer count value plus the inhalation interval 

time. Thus, step 1240 provides a new value for inhalation interval time for use in step 
1216. Normally, this value is reached before the end of the actual inhalation and is 
used to ensure that a transient slope reading does not ^loneously mark the end of the 
5 inhalation phase. Thus the reipdremrat in stq» 1216 for both the expirati^ 

inhalation end time and a slope less than or equal to -5. 

As those skilled in the art will appredaie,st^ 123S, in ooopmtion with the 
balance of the operating program, ensures that the inhalation set point pressure 
increases b^ie the onset of patient inhalation. First, by monitoring ix^ether the 
1 0 valve position slope exceeds seven, the end of exhalation can be deteaed. Marking 

the end of an eidialation phase ensures that this is a point in the breath cycle prior to 
the beginning of the next inhalation phase. Additional^, an increase in the pressure 
prior to inhalation is assured by monitoring whether the timer counts is greater than 
or equal to the predicted inhalation start time in step 1238. Thus, if a sporadic or 
erroneous slope reading were determined, an increase in nasal pressure would still be 
Allied prior to inhalation vrhen the timer counter excess the predicted tnhalatkm 
start time, recaDiiig that the inhalation start time was set in step 1232 somewhat 
shorts than the eapected start tiraa 
2^ Fig. 13 illustrates VALVE S1HP sub-routine 1300 vtduch operas to impose 

sequ^tialfy the required step patterns on stepper motor 44 by way of stepper motor 
drcuit 1000. Sub-routme 1300 enters at step 1302 by setting the variable "final valve 
position" equal to the current valve position plus (or minus) the valve correction 
required as determined in step 1206 (Fig. 2). Step 1302 also sets the variable "valve 
2 5 position" equal to the current valve position. 

The program then moves to step 1304 whidi asks whether the correction 
direction is greater than zero, that is, in a positive direction to restrict vent end 32, €sr 
in the opposite direction. If the answer in stq) 1304 is yes» the progcam moves to step 
1306 which asks whether the final position as detmnined in step 1302 @Goeeds st^ 
30 160. That is to say, this step det^mines whether the requested or desired final valve 

position is be^nd the mazunum allowed position. If yes, the program moves to step 
1308 which sets the final valve position equal to 160. 

K the answer in step 1306 is no, or after step 1308, the program moves to step 
1310 to set the variable "valve position* equal to "valve position" plus one. In other 
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words, the program increments stepper motor 44 one step at a time until the final 
position is adiieved 

The program then mcfves to step 1312 ^cfa asks whether the new vahre 
position is less than or equal to the final valve position as detennined in step 1302. If 
no, which indicates that the desired final valve position has been achieved, tlie 
program returns to main loop step 1210. 

If the answer in step 1312 is yes, indicating that the final valve position has 
not yet been adiieved the program moves to step 1314 which retrieves the step pattern 
for the next blower motor step from memoxy. The program then activates the lines of 
bus S32 in order to send this step pattern to steppe motor drcuit 1000 and thereby to 
stq)per motor 34. 

The program then loops back to step 1310 to continue executing step patterns 
one at a time in sequence until the final position is obtained. 

If the rotational direction for correction requires i& negative as determined in 
stq> 1304, the program moves to steps 1316-1324 as illustrated to execute the required 
number of stepping patterns to shift the valve in the "negative' direction to reduce 
pressure by venting more air. Step 1316 aslcs whether the final position determined in 
step 1302 is less than zero indicating a valve position beyond the allowable limits of 
2 g travel If yes, the program sets the final position equal to leto in step 1318. 

Step 13^ then decrements the "Valve position* variable and st^ 1322 asks 
whether the newly determined "valve position" is greater than or equal to the final 
position desired. If yes, the step moves to program 1324 and then loops bade to step 
1322. If the answer is step 1322 is no, the program returns to main loop step 1210. 
2 5 14 illustrates ADC intmupt sub-routine 1400 vi^di has its interrupt 

eamuted every X micro-seconds for providing an analog-to-digital convmion for the 
pressure data received fiom pressure transducer drcuit 700, and to store this data in 
memory. Subroutine 1400 enters at step 1402 vAdck retrieves the current data from 
the ADC register internal to microcontrolier 802. This data s then stored in the 
30 ADC buffer for use in step 1202 (Fig. 12) of the main loop. This data is stored at 

location "L" which is one of the eight buffer locations. Hie program then moves to 
step 1404 to increment location variable "L" so that the next set of ADC data is placed 
in the next buffer location. The program then moves to step 1406 which asks whether 
"L" Is equal to eight which is greater than the number of locations provided in the 
ADC buffer. If yes, the program resets "L' at location zero which is the first location 
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I in the buffer. After step 1408, or if the answer in step 1406 is no, the program moves 

to step 1410 which instructs the ADC to begin another data conveision. Hie piogiam 
then returios from the inteinipt to the inain loop. 

Fig. 15 ittnstrates CHECK BLOWER SPEED subiontine 1^ vMA is 
5 ent^ed from step 1222 of nmhi loop 1200, and entm at step 15Q2iKluchi^^ 

conr^ blower speed as received at mferocontroUer tmninal HSLO from the Hall 
^ect transduce in blower motor 94. The program then moves to step 1504 whidi 
retrieves the blower speed set point corresponding to the prescription inhalation pres- 
sure and compares the set pomt to the sensed lowet speed. The program then moves 
^ ^ to step 1506 whidi asks whether the blow^ speed is within a maximum error range of 

the set point speed. If no, the program adjusts, in step 150S, the pulse-width of the 
pulse width modulated signal produced at microcontroller tmninal PWM and 
transmitted to blower motor drcnit 900. Afl^ step 1508^ or if the answer in stqi 
1506 is yes, the program returns to the main loop. 

Hgs. 16 and 17 illnstiate another zspcct of the invention in patimt 
airway pressure variations and, in particular, aiiwsQr sounds are monitored and the 
patient airway pressure controlled in response. In parttcular. Fig. 16 is an dectrical 
blodc diagram illastrating sound analysis circuit 1600 wbidi reoeiyes input from 
2Q pressuresensorcircuitTOObyway of terminal 718 thereof and which delivers outputs 
to microcontroller 802. As those skilled in the art will appredate, sounds are pressure 
variations and as such, preferred pressure sensor circuit 700 is also operable for 
sensing pressure variations representative of airway sounds and in converting these 
variations into representative signals at terminal 718. 
25 The signals from pressure sensor circuit 700 are ddivered to preamplifier 1602 

whidi boosts the signal level fior ddivny to low-pass filt^ 1604, band-pass fOter 1606, 
band-pass filter 1608, and hqjh pass filter 16ia Low-pass filter 1604 is included to 
provide output "DC to mioooontrollar 802 indicative of low frequency (subaudio) 
pressure variations and nasal pressure. 
3 0 Filters 1606-10 split the audio frequency spectrum into three components: 10- 

200 Hz., 200-800 Hz., and 800+ Hz. respectively. The omputs from filters 1606-10 
pass through respective rectifiers 1612, 1614, and 1616 whidi in turn provide rectified 
outputs to low-pass filters 1618, 1620, and 1622. Low-pass filters 1618-22 convert the 
respective rectified inputs to equivalent D.C voltage outputs 'LOW, "MED", and "HI" 
which rqiresent the respective au^o spectral oomponrats. These three outputs along 
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with output "DC" are provided as inputs to miaocontiolka' 802 whidi uses intemal 
analog-to-digltal conversion to produce digital data representative of the three 
spectrum components. 

Hg, 17 is a computer program flowdiart of SOUND ANALYSIS subroutine 
5 1700 which is advantageously induded as part of the program for operating the 

microcontroUer 802 in connection with the pressure variation aspect of the invention. 
Subroutine 1700 enters at step 1702 which initiates analog-to-digital conversion of the 
analog inputs •Ixr,-lJDW".-MED%"Hriecewed from drc^^ In the preferred 
embodiment, step 1702 is implemented a number of times (for example, ten times) for 
10 each inhalation and the conversion vahies averaged. The average values of the digital 

representations of DC, LOW, MED and HI are then used for steps 1706-1716 as 
discussed further hereinbeIow« 

The program then moves to step 1704 whiCh sets the software variable "old 
state" (OS) equal to the variable "new state" (NS) determined in the previous passes 
through the program. This step then sets variable NS equal to zoo. 

In step 1706 the program asks whether input "DC" is greater than a predeter- 
mined threshold value. This threshold value is set at a level suffident to indicate that 
detectable airway sounds are occurring. U the answer is no, the program returns to 
^ ^ the main loop. If yes, the program moves to 1708 in which, along with subsequent 

steps, conducts a spectral analysis of the aiiway sounds as det^mined by circuit 1600. 
Fn particular, step 1708 asks whether input LOW is of a predetermined threshold. If 
yes, the program moves to step 1710 which increments variable NS by L 

If the answer in 1710 is no, or after step 1710, the program moves to step 
2g 1712 whidi asks whether input MED Is above its associated threshold If yes, the 

program moves to step 1714 which increments variable NS by 2. 

If the answer in step 1712 is no, or after step 1714, the program moves to step 
1716 which asks whether input HI is greater than its predetermined threshold If yes, 
then step 1718 increments variable NS by 4. 
30 If the answer in step 1716 is no, or after step 1718, the program moves to step 

172a Step 1720 calculates the variable "transition" (T) as a function of variables OS 
and NS as shown hi Rg. 17. Variable T provides a spectral quantification of the 
ahway sounds for use m dctemuning which action, if any, should be taken concerning 
the increase or decrease of the gas pressure applied to the rcspiratoiy passages of the 
3 5 patient This determination occurs in step 1722 by use of a so-called "action table" 
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1 whidi is a look-up table stored in m^oiy using variable T as a pointer. The pre- 
ferred action table is incorporated as part of the disdosme h^eof as Appendis I 
attached hereto. 

Upon detennining the proper action including inoease, decrease^ or maintain 
5 pressure from the action table^ the program moves to step 1724 which eacecutes that 

action. In the prefmed embodiment, action-designated changes in pressure are in 
inoements of LO cm. water pressnra 

If the actkm determined in step 1722 is "none*", ^ch indicates that snormg 
sounds are not occurring, it is pr^erred in step 1724 that the patient-applied the 
^ ^ pressure be decreased by 0.5 cm. water* In this way, the program assures that the 

pressure is not maintained at a level greater than that necessary. For example, if the 
detected airway sounds prompts an increase in pressure, and the airway sounds then 
disappear, it may be tiiat the pressure was increased sUghtfy more tfian necessary. 
Accordingly, the program will automatically decrease the pressure ofver time in small 
incidents until airway sounds are again detected. 

The aspect of the present Invention described above in connection with F^. 
16 and 17 monitors airway sounds in the preferred CTbodiment It vnll be appredat- 
ed, however, that pressure transducer circuit 700 is sensitive to many types of pressure 

2 g variations other than Chose associated with airway sounds. For example, drcuit 700 

could be used to detea inaudible vibrations or pressure variations associated with 
eadialation and inhalation. With this capability, mudi information can be garnered 
about a patient's respiration such as whether the patient's respiration is rhythmic, 
erratic, or apneic as well as breath rate, inhalation and exhalation durations, and flow 
25 rates. Hence, with this capability the patient's respiration can be properiy diaracter- 

ized and aspects of the respiration quantlGed. 

Furthermore, this information can be stored in memory for subsequent 
downloading for use by a phyadan, for example, in diagnosing res(nratory afiOictions 
and efiScacy of treatment In this way the expense and time consumed in sleep lab 

3 0 dualities is avoided or at least minimized. Additionally, patient comfort is enhanced 

because only the minimum required pressure is imposed both during sleep and before 
the patient fills to sleq>. With increased comfort, the patient is more likely to use the 
prescribed treatment on a sustained basis and th^ eby gain the maximum benefit 
therefrom. 
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^ As those skflled in the art will appreciate^ tlie present invention encompasses 

many variations in tbe preferred embodiments described h^ein. For example yiiAdlc 
the present invention is useful in treating sleep apnea, its utility is not so limited, but 
rather, the present invention is useful in treating many conditions in which facilitated 

5 respiration is a factor in treatment For example, increased respiratory air pressure 

beginning just prior to inhalation induces a deeper inhalation than might otherwise 
occur. This may be useful in treating certain cardiovascular conditions where deeper 
Inhalation and thereby greater oxygenation of the blood is beneficial when acoompa- 
nied by decreased pressure to ease eriialation. Addittonalfy, the present invratlon 

^ ^ encompasses the use of any breathable gas such as anesthesia or oxygen-supplemented 

ambient air. 

As discossed above, the nasal pillow is the prtferred means for pati^t 
coupling in order to impose the high» breathable gas pressure on the resfniatoiy 
passages of the patient The present invi»itibn, however, also encompasses a nasal 
mask, or a full face mask whidi may be desired in. certain situations such as the 
application of anesthesia as breathable gas as discussed above. 

In the preferred embodiment of the present invention, the position of the vent 
valve assembly is varied in order to increase or decrease the pressure of the breathable 
20 applied to the pati^fs respiratoiy passages. As the detailed description reveals, 

however, the apparatus hereof indodes the capabili^ of vaiying the speed of the 
blower unit which could be used instead to selectively vaiy the applied pressure. This 
would eliminate the need for the vent valve and stepper motor and reduce the 
manufacturing cost whidi would be advantageous as another embodiment of the 
25 invoition. 

The preset invention also encompasses the variation wherein the breathable 
gas is compressed and stored in a storage bottle, for example. 

As described above, the preferred controller indudes microcontroller 802 
which is operated by a computer program. Other equivalent control means might 
3 0 indude a custom designed diip with all functions implemented In hardware without a 

computer program. 

As disclosed in Fig. 6 herein and the accompanying narrative description. It is 
preferred to trade the patlenfs breathing qrde by tracking the movement of vent valve 
assembly 16. Those skOled in the art will appreciate that the breath cyde can be 
tracked by other means such as monitoring chest contractions and eiqiansion, breath- 
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^ ing sounds, directly sensing gemog|ossas mnsde activily, or some equivaleat parameter 

indicathre of a breathing qide. 

As a final erample, some th^pists may prefer that the ^paiatus start up in 

a low piessnre or aero pressure mode «diile the breath qncle is mitialfy traded. This 
5 inay piavMe further patioitciniifbct in the use of die mvraitiCHL 
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APPENDIX I 
ACTION TABLE 
Sounds State Ttaositioa Nfatriz 





To: (new) 




0 


1 


2 


2 




5 




2 




Hi 






0 


0 


0 


0 


1 


1 


1 


1 


From: 


Med 




0 


0 


1 


1 


0 


0 


1 


1 




(old) 




Low 


0 


1 


0 


1 


0 


1 


0 


1 




0 


0 


0 


0 


0 


1 


2 


3 


4 


5 


6 


7 


1 


0 


0 


1 


8 


9 


10 


11 


12 


13 


14 


15 


2 


0 


1 


0 


16 


17 


18 


19 


20 


21 


22 


23 


3 


0 


1 


1 


24 


25 


26 


27 


28 


29 


30 


31 


4 


1 


0 


0 


32 


33 


34 


35 


36 


37 


38 


39 


5 


1 


0 


1 


40 


4 


42 


43 


44 


45 


46 


47 


6 


1 


1 


0 


48 


49 


50 


51 


52 


53 


54 


55 


7 


1 


1 


1 


56 


57 


58 


59 


60 


61 


62 


63 



State Description of Comments 

0 - No Sound 

1 - Smooth Snoring [ssnore] 

2 - Other (talking) [other] 

3 - Ttirbulent Snoring [tsnore] 

4 - Start of dearing an obstruction [sclob ] 

5 - Partial obstruction (parob ] 

6 - Clearing an obstruction [dob ] 

7 - Raucous Snoring [rsnore] 

TYansition Action Comments 

0 Decrease No sounds 

1 Increase Start of ssnore 

2 None Start of other 

3 Inoease Start of tsnore 

4 Increase Start of sdob 

5 Increase Start of parob 

6 Increase Start of dob 

7 Increase Start of isnore 

8 None End of ssnore 

9 Increase Ssnore continues 

10 None End of ssnore 

11 Increase Ssnore to tsnore^rway narrowing? 
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12 


Increase 


Airway narrowing? 


13 


lacrease 


Airway natcowinj? 


14 


Increase 


Airway narrowing? 


15 


Increase 


Airway narrowing? 


16 


None 


End of oth^ 


17 


bicrease 


Airway opening? 


18 


None 


Other 


19 


Increase 


Probable isnore cont. 




Increase 


ClOD 


21 


Increase 


Oob 


22 


Increase 


Clob 




increase 


Rsnore 




XT 

None 


cAu ox isnore 


25 


Increase 


Tsnore to ssnore 


26 


Increase 


Airway narrowing? Airflow decreasing? 


27 


Increase 


Tsnore 




Increase 


Airway narrowing? Airflow increasing? 


29 


Increase 


Airway narrowing? Airflow decreasing? 


30 


Increase 


Airway narrowing? Airflow decreasing? 


31 


Increase 


Airway narrowing? Airflow increasing? 


32 


None 




33 


Increase 


Airway opening post obstmction 


34 


Increase 


Airway opening post obstruction 


35 


Increase 


Aiiway opening post obstruction 


36 


None 




37 


bicrease 




38 


Increase 




39 


Increase 


Airway opening post obstruction 


40 


None 




41 


increase 




42 


Increase 




43 


Increase 


Airway opening post obstruction 




increase 




45 




Partiallv nTkCfrncteif ^lutr^ 

X Al UttUy Ul/aU UmW^U uUVJX^ 


46 


Increase 


47 


Increase 


Airway opening post obstruction 


48 


None 




49 


Increase 


Airway opening post obstruction 


50 


Increase 


Airway opening post obstruction 


51 


Increase 


Airway opening Airflow decreasing 



wo 90/14121 



PCT/US90/02800 



29 

Increase Aitflow inaeasing 

Increase 

Increase 

biciease Airway opening post obstruction 
None 

Inarease Ainvay opening 

Increase Airflow decreasing 

Ihoease Airway opening 

Increase Airway narrowing? Airflow increasing? 

Increase 

Increase 

Increase 
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CLAIMS; 

L An apparatus for facilitating respiiation adapted for connection vn£bi a 
patifflt-GOupled gas deUveiy device bav&ig means for pressurizing at least a portioja of 
a patienf s respiiatoiy passages with a breathable gas torn a source thereof at a 
controllable gas pressure, the patirat exhibiting a rqietitive bieatiung cycle having 
inhalation and exhala&n phases, said apparatus comprising: 

means for determining a point in the breadiing cycle before the onset of an 

inhalatfon phase and subsequent to a prior inhalation phase; and 
gas control means operably coupled with and responsive to said detennirung 
means 

for initiating, at said point in the breathing cyde, an increase in said 

gas pressure toward a selected higher pressure level, 
for controlling said gas pressure at said higher kvel during at least a 

portfon of the inhalation phase, and 
for subsequently lowering said gas pressure in order to present a 
lower pressure level during at least a portion of the next 
eadiaiation phase. 

the pati^t exiiibiting detectable sounds associated with respiratfon, said 
2 Q apparatus further including means for detecting the patients respira- 

tion-sounds, said control means being responsive to said detecting 
means for controlling said higher pressure ievd ddivered to at least a 
portion of the patient's reqnratory passages in accordance with said 
detected sounds. 

25 
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I 2. The apparatus as set forth In daim 1, said apparatus forther indudiag 

gas supply means for supplying said breathable gas under pressure^ 
patient coupling means for fluidicalty coupling with at least a portion of the 
5 person's respiratoiy passages in order to deliver said gas thereto, 

conduit means fluidicaUy coupling said gas supply means and said patient 

coupling means, and 
controllable valve means fluidicaUy coupled with said conduit means for 
selectively venting said gas therefrom in order to control said gas 
^ ^ pressure thodn. 



3. The apparatus as sec forth in claim 2, said breathable gas including 
ambient air, 

said supply means including blow^ means for supplying ambient air under 

pressure to said conduit means and thereby to the respiratoiy passag- 
es. 



4. The apparatus as set forth in daim 3, said blower means induding a 
2 Q motor-driven, variable-speed, blower operable for selective^ vaiying the ambient air 

suppfy to said conduit means. 

5. The apparatus as set forth in daim 2, said patient-coupling means 
induding nares coupling means for sealing engagement with the nares of the person in 

25 order to deliver said gas to the nasal respiratoiy passages thereot 

6. The apparatus as set forth in daim 2, said conduit means induding a 
vent end, said valve means induding a motor shiftable» valve element adjacent said 
vent end for selectively vaiying the amount of said gas vented therefrom, and induding 

30 a controllable motor coupled with said element for shifting said dement 
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^ 7; Tbe appaiatos as set forth in daim 6, said motor including a stepper 

motor. 

& Tbe apparatus as set forth in daim 2, said conduit means induding a 
5 deliv^ conduit for ddivering said gas to said pati^t-coupling means from said 

suppfy means for inhalation of said gas by the patient, and an eshaust conduU for con- 
yepng eadialed gas from said patient-coupling means to said valve means. 

9. The apparatus as set forth in daim 8» said deliveiy and ediaust 
1 ^ conduits eadi induding a check vaNe for directional limiting gas flow therethrouglL 

la The apparatus as set forth in daim I» said breathable gas induding 
ambient air. 

IL The apparatus as set forth in daim 10, said gas induding snpplemeor 
tal Qsqfgen. 



12. The apparatus as set forth in daim 1, said detmnining means further 
induding traddng means for traddng the patiraf s breath cyde» said tracking means 
including means for detennining the rate of flow of said g^ and direction of said gas 
flow inhaled and exhaled by the patient during the breathing (^cle, such being 
indicative of said inhalation and odtalation phases respectively and of said breath 
cyde. 

25 

13. The apparatus as set forth in daim 1, said detmnining means fur^ 
induding traddng means for traddng the patient's breath cyde, said traddng means 
induding means for determining the end of the eadialation phase» said gas control 
means being responsive thereto for initiatuig said inorease in said gas pressure. 

30 

14. The apparatus as set forth in daim 1, said determining means further 
induding traddng means for traddng the patients breath cyde, said tracking means 
induding means for determining a predicted inhalation start time correlated with at 
least one prior breathing cyde and for initiating said gas pressure increase at a point 
in the breathing cycle conelated therewith. 
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1 15. The apparatus as set forth in daim 1, said detennining means further 
induding tradong means for tracking the patient's breath c^e, said traddng means 
induding means for determining the end of an inhalation pliase^ sudi being indicative 
of the end of one breathing cyde and the beginning of another breathing c^de. 

5 

16. The apparatus as set forth in claim 1, furtlier including — 
gas supply means for supptying said breathable gas under pressure, 
patient coupling means for fhiidicalfy coupling with at least a portion of the 

person's respiratoiy passages in order to deliver said gas thereto, 
conduit means fluidically coupling said gas supply means and said patient 

coupling means, 

controllable valve means fluidically coupled with said conduit means for 
selectively voiting said gas theieCrom in order to control said gas 
pressure therein and thereby within the respiratoiy passages of a 
patient, 

said gas induding ambient air^ said supply means induding blower means for 
supptying the ambient air under pressure to said conduit means and 
thereby to the respiratoiy passages, 

2 Q said conduit means including a vent end, 

said valve mans induding motor-shiftable, valve element adjacent said 
vent end for selectivdy varying the amount of said gas vented 
thmfirom, and induding a stepper motor for selective posi- 
tioning of said element, 

25 said apparatus fixrther induding pressure sensing means for sensing the gas 

pressure in said conduit means, 

said gas control means betaig coupled with and responsive to said 
pressure sensing means and induding means coupled with 
said valve means for selectively operating said vahre means in 

3 0 ord^ to maintain the gas pressure in said conduit at a sub- 

stantially constant selected level, 
said gas conuol means induding means for determining the direction 
and rate of change of said valve means, such being indicative 
of the patient's breathing cycle and of said inhalation and 
exhalation phases respectively. 
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jj^ 17. The appazatus as set forth in daim 1, said gas control means includ* 

ing computer means. 

18w . The apparatus as set forth in daim 17, said computer means Indnding 
5 a micEooonttoUer. 

19. Tlie apparatus as set forth in daim 1, the patient hdng subject to 
sleep apnea and being responsive to die presence of a predetermined pressure level of 
a piessurized gas in at least a portion of the respiratoiy passages thereof for alleviat- 
^ ^ ing said sleep apnea, 

said selective pressure levd bdng oondated with said predet^mined pressure 
level 



15 



20 



20. A metliod for opmting a gas deiiveiy devfoe having means for 
pressurizing at least a portion of a patios respiratory passages with a breathable gas 
fipom a source thereof at a controllable gas pressme for fadUtating respiration of the 
patient, the patient esdiibiting a rqietitlve breath cyde having inhalation and exhala- 
tion phases, said method comprising the steps o£ 

(a) detomining a point in the paxieats breath cyde before the onset of 
an inhalation phase and subsequoit to a prior inhalatfon phase; 

(b) initiating, at said point in the breathing cycle, an increase in said gas 
pressure toward a selected higher pressure levefc 

(c) controlling said gas pressure at said higher level during at least a 
2 5 portion of the inhalation phase; 

(d) subsequently lowering said gas pressure in order to present a lower 
pressure levd during at least a portion of the next odialatfon phase, 
the patimt eadiibiting detectable sounds assodated with respiration; 

(e) detecting the patient's respiration-associated sounds; and 

30 controllmg said higher pressure levd in accordance with said respira- 

tion-associated sounds. 



35 



2L The method as set forth in claim 20, further induding the step of 
supplying ambient air as said breathable gas. 



35 

22. Hie method as set forth in claim 21, fiuther induding the step of 
detemiiiiing the rate of flow of said gas and direction of said gas flow inhakd and 
edialed by the patient, such being indicative of the inhalation and exhalation phases 
respectively and of the breath cydc 

23. Tbe method as set forth in daim 22, further induding the steps of 
determining the end of the eadialation phase at said point in the breathing qrde. 

24. The method as set forth in daim 22, further induding the step of 
determining a predicted inhalation start time correlated with at least one prior 
breathing cyde as said point in the breathing cycle. 

25. The method as set forth in daim 20, furth^ including the st^ of 
determining the end of the inhalation phase, sudi being indicative of the end of one 
breathing cyde and the beginning of another breathmg cycle. 

26. The method as set forth m claim 20, further induding the steps ot 
providing - 

gas supply means for supplying breathable gas under pressure, 
patient-coupling means for fluidically coupling with at least a portion 

of the patient's respiratoiy passages in order to deliver said 

gas thereto, 

conduit means fluidically coupling said supply means and said patient- 
coupling means, and 

controllable vent n^ans fiuidicalfy coupled with said conduit means 
for selective^ venting said gas therefrom in order to control 
said gas pressure therein and thereby within the respiratoiy 
passages; 

sensing the pressure in said conduit; 

selectively shifting said vent means in order to control the pressure in said 

conduit means at said sdected higher pressure level and at said lower 
pressure levd; and 

tracking the position over time of said vent means, such being indicative of 
the patient's breath qrde and the inhalation and exhalation phases. 
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2 27. The method as set forUi ia claim 20, the patient being subjea to steep 

apnea and being responsive to the presence of a predetermined pressure level of 
pressurized gas in at least a portion of the respiratoiy passages to alleviate tiie sleep 
apnea, said selected higher pressure level being oonekned with said predetermined 

5 pressure levd. 

2S. An apparatus for fodlitating respiration adapted for connectkm with a 
patimt-coi^led gas ddiv^ device having means for controUabty pressurizing at least 
a portion of a patienfs resjnrator passages with a breathable gas from a source 
thereof the patient exhibiting detectable sounds associated with respiration, said 
apparatus comprising: 

means for detecting the patient's respiration-assodated sounds; and 
control means, induding means for operably coupling with the gas delivery 
device, and coupled with and responsive to said detecting means, for 
controlling the gas pressure delivered to at teast a portion of die 
patient's respiratoiy passages in accordance with said detected sounds, 
said control means including - 

spectral analysis means for producing a spectral frequency anatysis of 

the patient's respiratory sounds, 
memory means for storing pressure diange information corrdated 

with a spectral analysis of said sounds, and 
processor means responsive to said spectral analysis for selecting 
correlated pressure diange information from said memory 
means and for changing said gas pressure in accordance 
thmwith. 

29* The apparatus as set forth in daum 2S, said detecting means including 
a pressure transduce. 
30 

30. The apparatus as set forth iii <^um 2S, said detecting means induding 
a microphone. 

35 
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1 3L Hie apparatus as set forth in cbdm 28, said detecting means being 

operable for producing defection signals in response to said sounds and representative 
thereof^ 



5 32. The apparatus as set fbrth in daim 31, said apparatus further 

including means for produdng spectrum signals representative of a spectrum of 
firequendes making up said sounds. 

33. The apparatus as set forth in claim 32, said control means including 
1 0 means for receiving and responding to said spectrum signals for controlling said gas 

pressure in accordance therewith. 

34. The apparatus as set forth in claim 33, said control means furth^ 
including means for storing data repiesentative of a plurali^ of control actions 
corresponding to predetermined spectrum signals, means responsive to said spectrum 
signals for selecthig said control actions in oonrespondraoe therewith, and means for 
controlling said gas pressure in accordance with said selected control actfons. 

2 Q 35. The apparatus as set forth in claim 34, said control means including a 

microprocessor. 



36. The apparatus as set forth in daim 28, the patient sounds induding 
snoring sounds. 

37. The apparatus as set forth in daim 36, said control means being 
operable for repetitively increasing gas pressure untfl the snoring sounds are no Icmger 
detected. 



38. The apparatus as set forth in daim 36, said control means being 
op^able for decreasing said gas pressure in the absence of snoring sounds. 
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39. An apparatus for feunlitating respiration adapted for connection with a 
patient-coupled gas delivery device having means for pressurizing at least a portion of 
a patient's respiratory passages with a breathable gas from a source thereof at a 
controllable gas pressure, the patient eadiibiting a repetitive breathing cycle having 
inhalation and exhalation phases, said apparatus comprising: 

means for determining a point in the breathing cyde bdSore the onset of an 
inhalation phase and subsequent to a prior inhalation phas^ and 

gas control means qperably coupled with and responsive to said detennining 
means 

for initiating, at said point in the breathing <7de, an increase in said 

gas pressure toward a selected high^ pressure level, 
for controlling said gas pressure at said higher level during at least a 

portion of the inhalation phase, and 
for subsequently lowering said gas pressure in order to present a 

lamr pressure ievd during at least a portion of die next 

eadialation phase. 

40. The apparatus as set toxtk in daim 39, said apparatus further 
induding — 

gas supply means for supplying said breathable gas under pressure, 
patient coupling means for fluidically coupling with at least a portion of the 

person's respiratoiy passages in order to deliver said gas thereto, 
conduit means fluidically coupling said gas supply means and said patient 

coupling means, and 
controllable valve means fluidically coupled with said conduit means for 

selectively venting said gas therefrom in order to control said gas 

pressure th^ein. 

4L The apparatus as set forth in daim 40, said breathable gas indudmg 
ambient air, 

said supply means induding blower means for supplying ambient air under 

pressure to said conduit means and thereby to the respiratory passag- 
es. 
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I 42. The appaiams as set forth in daim 41> said blower means induding a 

moior-driven, variable-speed, blower operable for selective vaiying the ambient air 
supply to said conduit means. 

5 43. Hie apparatus as set fiorth in claim 40» said patient-coupling means 

including nares coupling means for sealing engagement ^th the nares of the person in 
order to deliver said gas to the nasal respiracoiy passages thereof. 

44. The apparatus as set forth in daim 40, said conduit means including a 
^ 0 vent end, said valve means induding a motor shiftable, valve element adjacent said 

vent end for selectively vaiying the amount of said gas vented there£rom> and induding 
a controllable motor coupled with said element for shifting said dement 



15 



25 



45. The apparatus as set forth in daim 44» said motor induding a stepper 

motor. 



46. The apparatus as set forth in daim 40, said conduit means induding a 
deliveiy conduit for ddivering said gas to said patient-coupling means from said 

2 g supply means for inhalation of said gas by the patient, and an ^aust conduit for 

conv^ing exhaled gas from said patient-coupling means to said valve means. 

47. The apparatus as set forth in daim 46, said deliveiy and exhaust 
conduits eacb uiduding a chedc valve for directfonal limiting gas flow therethrough. 



48. The apparatus as set forth in daim 39, said breathable gas induding 
ambient air. 



49. The apparatus as set forth in daim 48, said gas induding supplemen- 
30 taloqrgen. 



35 



wo 90/14121 



PCr/US90/02800 



40 

^ 50. The apparatus as set forth in daim 39, said determining means 

further induding tracking means for tracking the patient's breadi cyde^ said traddi^ 
means induding means for determining the rate of flow of said gas and direction of 
said gas flow inhaled and exhaled by the patient duiing the breathing cyde» sndi being 

5 indicative of said inhalation and eadialation phases lespectiveljr and of said breath 

qfde. 

51. The apparatus as set forth in daim 39, said determining means 
furth^ induding traddng means for traddng the patienf s breath <yde, said tracking 

1 0 means including means for determining the end of the eadialation phase, said gas 

control means being responsive thereto for initiating said increase in said gas pressure. 

52. The apparatus as set forth in daim 39, said determining means 
further induding traddng means for tracking the patient's breath qrde, said traddng 
means induding means for determining a predicted inhalation start time correlated 
with at least one prior breathing cyde and for initiating said g^s pressure increase at a 
point in the breathing c^rde correlated therewith. 

53. The apparatus as set forth in daim 39, said determining means 
further induding tracking means for traddng the patient's breath cycle, said tracking 
means induding means for determining the end of an inhalation phase, such being 
indicative of the end of one breathing cycle and the beginning of another breathing 
cycle. 
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541 The apparatus as set forth in daim 39, forther includiiig - 
gas supply means for supplying said breathable gas unda pressure, 
patient ccnipling means for fluidicaify coupling with at least a portion of the 

person's respiratoiy passages in order to delivo: said gas thereto, 
conduit means fluidically coupling said gas supply means and said patient 

coupling means, 

controllable valve means fluidically coupled with said conduit means for 
selectively venting said gas therefrom in order to control said gas 
pressure therein and thereby within the respiratoiy passages of a 
patient, 

said gas including ambient air, said supply means including blower means for 
supplying the ambient air under pressure to said conduit means and 
thereby to the respiratoiy passages, 

said conduit means induding a vent end, 

said valve means induding motor-shiftable, valve etanent adjacent said vent 
end for selective^ vaiying the amount of said gas vented therefrom, 
and induding a stepper motor for selective positioning of said ele- 
ment. 

said apparatus further including pressure sensing means for sensing the gas 
pressure in said conduit means, 

said gas control means being coupled with and responsive to said 
pressure sensing means and including means coupled with 
said valve means for selectively operating said valve means in 
order to maintain the gas pressure in said conduit at a sub- 
stantially constant selected level 

said gas control means induding means for determining the direction 
and rate of change of said valve means, such being indicative 
of the patient's breathing cycles and of said inhalation and 
exhalation phases respectively. 

55. The apparatus as set forth in claim 39, said gas control means 
including computer means. 



42 

56. The apparatus as set fortli in daim 55, said compater means induding 
a miCTOcontroUor. 

57. Tlie apparatus as set forth in daim 39» the patient being subject to 
sleep apnea and being responsive to the presence of a predetennined pressure level of 
a pressurized gas in at least a portion of the respiratoiy passages thereof for allevi- 
ating said sleep apnea, 

said selective pressure levd bdng correlated with said piedetermined pressure 
level 

58. A method for operating a gas deliveiy device having means for 
pressuring at least a portion of a patient's respiratoiy passages with a breathable gas 
from a source thereof at a controllable gas pressure for fodlitating respiration of the 
patient, the patient esdiibiting a r^etitive breath q^e having inhalation and exhala- 
tion phases, said method comprising the steps o£ 

(a) determining a point in the patiCT^s breath cyde before the onset of 
an inhalation phase and sidisequ^t to a prior inhalation phasQ 

(b) initiating, at said poml in the breathing qfde, an increase in said gas 
pressure toward a selected hig^ pressute leva; 

(c) Gontrollittg said gas pressure at said higher levd during at least a 
portion of the inhalation phase; and 

(d) subsequently lowering said gas pressure in order to present a lower 
pressure level during at least a portion of the nest exhalation phase. 

59. The method as set forth in daim 5g, further induding the step of 
supplying anibient air as said breatfiable gas* 

6a The method as set forth in daim 21, further induding the stq» of 
det^mining the rate of flow of said gas and direction of said gas flow inhaled and 
eadialed by the patient, such being indicative of the inhalation and exhalation phases 
respectively and of the breath c^e. 

61. The method as set forth in claim 60, further induding the steps of 
determining the end of the esdialation phase as said point in the breathing cycle. 
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£2. The method as set forth in daim 60, fimher induding the step of 
determining a predicted inhalation start time correlated with at least one prior 
breathing cycle as said point in the breathing cyda 



5 63. The method as set forth in daim 58, further indoding the step of 

determining the end of the inhalation phase, such being indicative of the end of one 
breathing cyde and the beginning of another breathing cyde. 



64. The method as set forth in daim 58, further including the steps of: 
10 providing — 

gas sopply means for supplying breathable gas under pressure^ 
patioit-coupling means for fluidically coupling with at least a portion 
of the patient's respiratoiy passages in oider to deliver said 
gas thereto, 

^ ^ conduit means Ouidically coupling said siqiply means and said patient- 

coupling means, and 
oontFoUable weat means fluidically coupled with said conduit means 
for selectively venting said gas therefinom in order to control 
said gas pressure therein and thereby within the respiratoiy 
passages; 

sensing the pressure in said conduit; 

selective shifting said vent means in order to control the pressure in said 

conduit means at said selected higher pressure level and at said lower 
2 5 pressure leveU and 

traddng the position over time of said vent means, sudi bdng indicative of 
the patient's breath cyde and the inhalation and eadialation phases. 



55. Hie method as set forth in daim 58, the patient being subject to a 
30 sleep apnea and being responsive to the presence of a predetermined pressure level of 

pressurized gas in at least a portion of the respiratory passages to alleviate the sleep 
apnea, said selected higher pressure level being correlated with said predetermined 
pressure level. 
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